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. (turning point) 2 , \mbox{\boldmath $\zeta$}
’ ‘ ’ . Newton ,
. , (Airy)
2 2 Fedoryuk [6], Nakano et al. [23] . 3




11. 1 Schr\"odinger :
(1.1)
$\ovalbox{\tt\small REJECT}\epsilon^{2h}\frac{d^{2}y}{dx^{2}}=Q(x, \epsilon)y,Q.(x, \epsilon).\cdot=\sum_{k=0}^{\sigma}.\sum_{l=0}^{\wedge},a_{j_{h}+l}\epsilon^{j_{k}+l}x^{m_{j_{k}}-l\cdot\alpha_{s\mathrm{t};}^{-1}}h,s\in \mathrm{N}x,y)a_{j_{k}+l}\in \mathbb{C},\forall a_{j_{k}}\neq 0\kappa a_{j_{\mathrm{S}}+l}=0(l\geq 1)\cdot$
,
1 $0<\epsilon<1;D:=\{x : 0\leq|x|\leq x_{0}\}$ .








$l_{k}:=j_{k+1}.-j_{k}(>0)(k=0,1,2, \cdots, s-1)$ ,
$j_{0}:=0,$ $j_{s}:=h, \sum_{k=0}^{\mathrm{s}-1}l_{k}=h(l_{k}\in \mathrm{N})_{1}$
(1.4) $h> \frac{j_{k}+\alpha_{j\kappa}(m_{j_{k}}.+2)}{2}$. $(k=0,1,2, \cdots, s-1)$ .
$Q(x, 0)(=aj\mathrm{o}x^{m_{j_{0}}}\equiv a0x^{m0})$ (1.1) (turning point) . ,
(1.1) $x=0$ $m_{j_{0}}(\equiv m\mathrm{o})$ . (1.4)
(singular perturbation condition), , \S 2
($\epsilon=0$ ) .
‘ ‘stretching-matching method’ (Nakano [15], [16],
[18], $[20]\sim[22]$ , Nakano et at. [23], Nishimoto [25], Wasow [33] $)$
$D$ . ( , WKB $D$
(canonical domain)
)
1.2. 2 ($X$, Y)Y .
(1.5) $\{$




Pk( (1.1) $ffi_{\backslash }\text{ }$ $Q(x,c.)$ $\epsilon\nearrow \text{ }$ $\epsilon$ $x$ , $R$ (1.1)





1 , $L_{k}(k=1,2, \cdots, s)$ . , $P_{s}^{(0)}$ $R$
$L_{s+1}$ . (1.2) .
(characteristic polygon) (Iwano-Sibuya [12]).
3 4 . (1.2) (1.4)
. $P_{k}^{(0)}$ $s+1$ . ,
(1.2), (1.3), (1.4) .
2 , 3 , Fedoryuk [6], Nakano [15],
[21], [22], Nakano et al. [23], Roos [28], [29] , (1.1)
.
. 1 ... $\epsilon^{2}y’’=x^{m}y(m\geq 1),$ $\epsilon^{4}y’’=(x^{-)}‘+\epsilon x+\epsilon^{2})y$ ,
2 ... $\epsilon^{\sim}.y’’=(?x^{m}+\epsilon x)y(m\geq 5),$ $\epsilon^{6}y’’=(x^{2}+\epsilon x+\epsilon^{2})y,$ $\epsilon^{6}y’’=(x^{6}+\epsilon x^{4}+\epsilon^{2}x^{2}+\epsilon^{3})y$,
3 ... $\epsilon^{4}y’’=(x^{5}+\epsilon x^{2}+e^{2})y$ ,
6 ... $\epsilon^{10}y’’=(x^{22}+\epsilon x^{15}+\epsilon^{2}x^{30}+\epsilon^{3}x^{6}+\epsilon^{4}x^{3}+\epsilon^{\mathrm{r}}.x)y$ .
$\mathrm{N}\mathrm{a}\mathrm{f}\mathrm{f}\mathrm{i}\mathrm{r}\mathrm{l}0[18],$ $[20]$ $n$ . ,
3 (Aoki et al. [1], Berk et al. [2], Matsubara et al. [14],
Nakano [17], [19], Nakano et al [24] $)$ ,
. $Q(x, \epsilon)$ $\epsilon^{i_{k}+1}$ $x^{m}$ * $m$ $x^{m}$ ($m>m_{j\iota}$. $-l\cdot$ \mbox{\boldmath $\alpha$} 1)
( $X$ , Y)Y ,
$(\mathrm{I}\mathrm{w}\mathrm{a}\mathrm{n}\mathrm{o}arrow \mathrm{S}\mathrm{i}\mathrm{b}\mathrm{u}\mathrm{y}\mathrm{a}[12])$ . , , , ( $1.1\dot{)}$
. (1.1) ,
13. . \S 2 , $D$ (1.1)
. \S 3 , WKB .
WKB 1 . \S 4 , (1.1) ,
, , , , (L1)
, 2
(matching matrix) . \S 5 , (1.1) matc.hing matrix
. , $D$ ( , $D$
) .
\S 2. (1.1) .
2.1. $Q(x, \epsilon)$ $D$ ‘ (asymptotically domi-
nant) . , , $\mathrm{f}fi^{\Xi},$) $\backslash \backslash P_{\hat{k}}^{(0)}$ $i[perp]\triangleleft\backslash$ ,\llcorner ‘\rightarrow ‘ $a\prime j_{\hat{k}}\epsilon^{j_{\hat{k}}}\cdot x^{m_{j_{\hat{k}}}}$ $\mathrm{f}\ovalbox{\tt\small REJECT}’$.
. , $Q(x, \epsilon)$ 3 :
(2.1) $\{$
$Q(x, \epsilon)$






$‘arrow 0$ ’ . , $x\in\{x : |x|\leq\check{k}\epsilon^{\alpha_{\mathrm{j}}}\hat{k}-1\}(\check{k}$





$j\hslasharrow 0$ 2 $\Sigma$. :
(2.3) $\sum_{l=0}^{l_{\hat{k}}-1}a_{j_{\hat{k}}}\mathrm{i}.(\epsilon x^{-\alpha_{j_{\dot{k})^{l}}}^{-1}}a_{j_{\hat{k}}+l}$
1 . , $\{x:|x|\geq\check{I}\mathrm{f}\epsilon^{\alpha_{j}}\hat{k}\backslash \}$ ( $\check{K}$ ) $x$ $\epsilonarrow 0$
(2.3) 1 .
(2.4) $\sum_{k=\hat{k}+1}^{s}\sum_{l=0}^{\iota_{k}-1}\frac{a_{j\iota+l}}{a_{j_{\dot{k}}}}.(\epsilon x^{-\alpha_{j_{k}}^{-1}})^{l}\prod_{n=0}^{k-\hat{k}-1}(\epsilon x^{-\alpha_{j_{\hat{\mathrm{t}}+n)^{l_{\hat{k}+n}}}}^{-1}}\cdot$
$\epsilon x^{-\alpha_{j}^{-1}}\hat{k}arrow 0$ 0 . , $\{x : |x|\geq\check{K}\epsilon^{\alpha_{j_{\hat{k}}}}\}$ ( $\check{K}$ ) lj $x$ {
$\epsilonarrow 0$ (2.4) . , $\{x : |x|\geq\check{K}\epsilon^{\alpha_{j_{\dot{\mathrm{t}}}}}\cdot\}$
$x$ $\epsilonarrow 0$
$\epsilon x^{-\alpha_{j}^{-}}\iota^{1}.arrow 0$ .
, aj\sim $x^{m_{\mathrm{i}_{k}}}$ ( $D$ ) $D_{\text{ }ut,j_{\hat{h}}}$ $x$
$\epsilonarrow 0$ , . ,
(2.5) $\epsilon^{2h-j_{\hat{k}\frac{d^{2}y}{dx^{2}}=}}a_{j_{\dot{k}}}x^{m_{j_{\dot{k}}}}y$
$(2.5)’$ $D_{out,j_{\hat{h}}}:=\{(x, \epsilon)$ : $\check{K}\in^{\alpha_{j}}\dot{k}\leq|x|\leq\check{k}\epsilon^{\alpha_{j_{\hat{k}-1\}}}}\cdot$.
, (11) 1 . ( ) (2.5)’
$\{(x, \epsilon) : 0\leq|x|\leq\check{k}\epsilon^{\alpha_{h}}\}$
$\epsilon^{h}\frac{cPy}{dx^{2}}=a_{h}x^{m_{h}}y$
, . $m_{h}=0$ .










(2.8) $D_{j_{\hat{k}+[perp]}}:=\{t: \dot{k.}\leq|t|\leq\dot{K}\}$ .
. $Q_{j_{\hat{k}+1}}.(t)$ , 2 $\Re$ $|8\backslash \backslash P_{\hat{k}}^{\langle 0)},$ $P_{\hat{k}+1}^{(0)}$ , ,
1 $L_{\hat{k}+1}$ , .
157
$Q_{j_{\overline{k^{\vee+}}1}}(t)$ , (2.7) $Qj_{\acute{k}+1}(t)$ ,
‘ ’ (1.1) (secondary turning point)
(Wasow [33]). \llcorner , secondary turning point secondary
turning point problem . secondary turning problem Nakano et
al[23] . , (2.6) ‘stretching-matching method’ 1 .
















. , $\sum_{3}$ $L_{k+2}^{\mathrm{A}},$ $\cdots,$ $L_{s}$
$P_{\hat{k}+1}^{(1)},$ $P_{\hat{k}^{l}+1^{7}}^{(2\rangle}\cdots,$
$P_{s}^{\langle 0)}$
. , $\Sigma$ \supset , :











(.2.12) $\sum_{3}arrow 0(\epsilonarrow 0,$ $t\in D_{j_{\hat{k}+1}}.)$
. , (2.7) .
(2.5) (1.1) (outer equation), $(2,7)$ (1.1)




21. (1.1) (2.5)’ , (2.5)
. $\text{ }r_{\mathit{3}i}$ $\backslash \text{ ^{}\prime}l\mathrm{h}\text{ }$. i4\wedge \text{ }$ $L_{\hat{k}+1}$ $P_{\hat{k}}^{(0)}$ . ,
(L1) $\langle$2.8) (2.7) .
\eta \doteqdot , $\cdot$\uparrow * \S \hslash /\nearrow / $L_{\hat{k}+1}$. $\backslash \rho \mathrm{f}\mathrm{f}\mathrm{i}_{J|\backslash \backslash }^{\Xi}[perp]\mu$ $P_{\hat{k}}^{(0)},$ $P_{\hat{k}}^{(1)},$ $P_{\hat{k}}^{(2)}.’\cdots,$
$P_{\hat{h}}^{(l_{\hat{k}}-1)},$ $P_{\hat{k}+1}^{(\{\})}$
.
, , (1.1) 1 , \sigma )
, . matching matrix
$l\mathrm{f}$ .
, , (2.8)
$($ 2. $\mathrm{S})’$ $D_{in};=\{t : 0<|t|<\infty\}$
. $(2.8)’$ . ,
, , ,
, . matching matrix stretching-matching method
2 (\S 4.4, 4.5, \S 5).
\S 3. WKB
3.1. 1, .
. , , .
(3.1) $\epsilon^{2h}\frac{d^{12}y}{dx^{2}}=Q(x)y$ $(h\in \mathrm{M};x, y\in \mathbb{C};0\leq|x|<\infty;0<\epsilon<1)$ .
$Q(x)$ $x$ . , $x=\infty$ (3.1) . $Q(x)$
(3.1) . , $Q(x)$ .
(3.1) WKB $\tilde{y}^{\pm}(x, \epsilon)$





(3.4) $\Re\xi(a, x)=C’$ $(Q(a)=0)$
, (3.1) $C$ . ,
, , $C=0$ (3.1) Stokes . ,
(3.5) $\triangleright s\xi(a, x)=C$ $(Q(a)=0)$
(3.1) $C$ , , $C=0$ (3.1)
anti-Stokes .
. $x=\infty$ , Stokes anti-Stokes , $(\infty, x)=0$ ,
$\Re\xi(\infty, x)=0$ . (3.4), (3.5) $xarrow\infty$ .
$a,$
$b$ , $a$ Stokes $(a, x)=0$ , $x=b$ $\Re\xi(b, x)=\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}\neq 0$
. , $\Re\xi(a,$ $x$ } $=\Re\xi(b,x)$ $b$ Stokes ( (i) ).
32. Stokes :
(i) Stokes anti-Stokes ,
$x=\infty$ .
(ii) Stokes . anti-Stokes .
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(iii) Stokes homotopic . Stokes homotopic
. anti-Stokes .
. (i) $Q(x)=x^{2}-1$ , $x=\pm 1$ , x- l $\leq\Re x\leq 1$ Stokes .
$x=\pm 1$ Stokes $x=\infty$ .
$(ii\} s^{\alpha}\xi(a, x)$ Stokes ( ) , Stokes ,
(iii) $Q(x)=x^{-2}-x$ , $x=1,$ $e^{\pm 2\pi i/3}$ , $x=0$ , $x=\infty$ . $x=0$
$Q(x)\sim x^{-2}$ , $\xi\sim\log x$ . , $\Re\log x=\{(\Re x)^{2}+(\propto \mathrm{r}x)^{2}\}^{1/2}=\mathrm{c}.\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}(>0)$ $x=0$
. 2 Stokes 7 3 homotopic .
$Q(x)=x-x^{-2}$ , $x=1,$ $e^{\pm 2\pi \mathrm{t}^{\iota}/3}$ , $x=0$ , $x=\infty$ . $x=0$
$Q(x)\sim-x^{-2}$ , $\Im\log x=\{(\Re x)^{2}+(\Im x)^{2}\}^{1/2}=\mathrm{C}^{\cdot}\mathrm{O}\mathrm{I}\iota \mathrm{s}\mathrm{t}(>0)$ $x=0$ .
, Stokes ( ) anti-Stokes ( )
homotopic .
(3.3) $\xi:=\xi(a, x)(Q(a)=0)$ , $d\xi/dx\neq 0(x\neq a)$
, xx $\xi-$ . , (3.4)
(3.5) , $\xi=\xi(a, x)$ \mbox{\boldmath $\xi$}\mbox{\boldmath $\xi$}
.
xx , Stokes $D^{can}$ , \mbox{\boldmath $\xi$}.
, (3. 1) (canonic.a1 domain) . (3.1)
1 , . , $Q(x)$
, , , Stokes ,
. $Q(x)$ (3.1) Fedoryuk [6], Nakano
[22], Wasow [33] . 2 WKB (3.2) 2
. Fedoryuk [6], [7],
Wasow[33] .
(iii) , $Q(x)$ ]$\backslash \backslash \mathrm{i}\mathrm{E}\text{ }\ovalbox{\tt\small REJECT} 5$ $\mathrm{F}_{\ovalbox{\tt\small REJECT}\subset \mathrm{J}}^{\mathrm{A}}$ , Stokes $\mathrm{f}\mathrm{f}\mathrm{i}\text{ }$ anti-Stokes
. Fedoryuk [6] , Nakano [16], [18]
. ( , \S 4.2 )
. Airy $\epsilon^{2}y’’=xy$ , Stokes $x=re_{\gamma}^{\pm\pi i/3}re^{\Uparrow\cdot i}(r\geq 0)$ 3 . 2
$4\pi/3$ 3 . 2 Riemann , 6 .
WKB $\tilde{y}^{\pm}(x, \epsilon)$ 2 (double asymptotic property)
(Evgrafov et at. [4], Fedoryuk[6]):
3.1. $\tilde{y}^{\pm}(x, \epsilon),$ $\prime D^{can}$ (3.1) WKB . $\mathrm{B}_{\backslash }\not\equiv$ , WKB
$\tilde{y}^{\pm}(x, \epsilon)$ (3.1) $y^{\pm}(x, \epsilon)$ , 2 :
(3.6) $y^{\pm}(x, \epsilon)\sim\tilde{y}^{\pm}(x, \epsilon)$ $\{$
$xarrow\infty$ $(x\in D^{can}’, 0<c.<1)$
$\in\prec 0$ $(x\in D^{\mathrm{c}^{r}an}/, 0<\epsilon<1)$
.
WKB $(x=\infty)$ . ,
can 1 .
33. \S 3.1 , (2.5) WKB {$1\backslash \mathrm{J}$, $\hslash\not\in\tilde{?}J_{out,j_{\hat{k}}}^{\pm}(x, \epsilon)$ , , (2.7)
$\text{ _{}r\mathit{1}}\ovalbox{\tt\small REJECT}^{\backslash }$ WKB
$\tilde{y}_{in,j_{\dot{k}+1}}^{\pm}(t, \epsilon)$
$\text{ }\backslash JR$ :
(3.7) $\tilde{y}_{out,\dot{g}_{\hat{k}}}^{\pm}.(x, \epsilon):=\frac{1}{\sqrt[4]{a_{j_{\dot{k}}}x^{j_{\dot{k}}}}}$.
$\exp(\pm\frac{2\sqrt{a_{j_{\hat{k}}}}}{\epsilon^{h-j_{\hat{k}}/2}}\frac{x^{(m_{j_{\grave{k}}}.+2)/2}}{m_{j_{\hat{h}}}+2})$ ,
(3.8) $\tilde{y}_{in,j_{\hat{k}+1}}^{\pm-}(t, \epsilon):=$ $\exp(\pm\frac{1}{\epsilon_{j_{k+1}^{\mathrm{A}}}}\int_{a}^{t}\sqrt{Q_{j_{\hat{k}+1}}.(t)}dt)$ $(Q_{j_{\hat{k}+1}}(a)=0)$ .
1BO
WKB (3.8) :




, $j_{\hat{k}}$ $l_{\hat{k}}=j_{\hat{k}+1}$ , $m\mathrm{i}_{\dot{h}}-l_{\hat{k}}\cdot\alpha_{j_{\dot{k}}}^{-1}=mj_{\hat{k}+1}$ .
, 3.1 :
32. $\prime D_{out}^{can}$ (2.5) , $D_{in}^{can}$ (2.7) $\text{ }1\not\subset \text{ }$ . (2.5) $\mathit{0}3_{\nearrow\backslash }^{\ovalbox{\tt\small REJECT}}$ $y_{out,j_{\hat{k}}}^{\pm}(x, \epsilon)$
(2.7) $y_{\mathrm{i}n,j_{\dot{k}+1}}^{\pm}(t, \epsilon)$ ffi‘x :
(3.9) $y_{out,j_{\tilde{k}}}^{\pm}(x, \epsilon)\sim\overline{y}_{out,j_{\lambda}}^{\pm}(x, \epsilon)$ $(\epsilonarrow 0(x\in D_{out}^{can}’, 0<\epsilon<1))$ ,
(3.10) $y_{in,j_{\hat{k}+1}}^{\pm}(t, \epsilon)\sim\tilde{y}_{\mathrm{i}n,j_{\hat{k}+1}}^{\pm}(t, \epsilon)\{$
$t-+\infty(t\in D_{\mathrm{i}n}^{can}, 0<\epsilon<1)$
$\epsilonarrow 0$ $(t\in D_{in}^{can}, 0<\epsilon<1)$
–$i\overline{\mathrm{k}}\text{ }$ , WKB $\tilde{y}_{out,j_{\hat{k}^{\tau}}}^{\pm}(x, \epsilon)$ 1 \sigma |)t‘‘\Re (3.9) $\backslash /^{\backslash }3\mathrm{i}_{r}^{\mathrm{B}}\mathrm{f}\mathrm{f}$.
. ( 31 ) xx $D\mathrm{H}_{ut}^{an}$ .
\S 4. matching matrix .
4.1. 2 (2.5) (2.7) .





$(a_{0}\neq 0, a_{\alpha\langle M-m)}\neq 0;h, \alpha, M, m\in \mathrm{N};M>m)$
, matehing matrix
. (1.1) (4.1) . $Q(x, \epsilon)$
:
$(4.1\rangle’\{$
$Q(x, \epsilon)$ $:= \sum_{j=M}^{m}\hat{a}_{j}\epsilon^{\alpha(M-j)}x^{j}$
$=ax^{M}+\cdots+a’\epsilon^{\alpha(M-M’)}x^{M’}+\cdots+b’\epsilon^{\alpha(Mrightarrow m’)}x^{m’}+\cdots+b\epsilon^{\alpha(M-m)_{X}m}$
$(a\neq 0, b\neq 0_{\}}. M, M’, m’, m\in \mathrm{N};M>M’>m’>m)$
\S 2 2 ( $\mathrm{d}\mathrm{o}\mathrm{m}\mathrm{i}\mathrm{n}\mathrm{a}\mathrm{n}\mathrm{t}\dot{)}$ .
:
$2hd^{2}y$
$(4.2)_{out,1}$ $\in$ $\overline{dx^{2}}=ax^{M}y$ $(\epsilonarrow 0, x : \dot{K}\epsilon^{\alpha}\leq|x|(\leq\dot{k}\epsilon^{\alpha’}))$ ,
$(4.2)_{out,2}$ $\epsilon^{2h-\alpha(M-m)}\frac{d^{2}y}{dx^{2}}=bx^{m}y$ $(\epsilonarrow 0, x : (\dot{K}\epsilon^{\alpha’’}\leq)|x|\leq\dot{k}\epsilon^{\alpha})$ .
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$Q(t):=at^{M}+\cdots+a’t^{M’}+,$ , . $+b’t^{m’}+$ $\cdots+bt^{m}\sim\{at^{M}bt^{m}(tarrow\infty)(tarrow 0)$
. . ( ) ( )
(matching) (\S 4.4) , $(4.3)_{\mathrm{i}n}$ $\dot{k}\leq|t|\leq\dot{K}$
$(4.3)_{in}’$ $\mathrm{i}$ $0<|t|<\infty$
, (4.3):n $\check{\iota}ncan$ , .
, . ,
(cf. (4.8), (4.15)).
42. (4.3):n . , Stokes
anti-Stokes . tt (canonical domain) $i?tcan$ f
, $\xi=\xi(a,$ $t$} $(:= \int_{a}^{t}.\sqrt{Q(t)}dt, Q(a)=0)$ \mbox{\boldmath $\xi$}\mbox{\boldmath $\xi$} .
, \mbox{\boldmath $\xi$}\mbox{\boldmath $\xi$} , ( ,
) . $D_{in}^{can}$ .
$t=\infty$ $M$ , $M+2$ Stokes $M+2$
anti-Stakes $t=\infty$ . $t=\infty$ Stokes .
Stokes $t=\infty$ (\S 3.2).
\mbox{\boldmath $\xi$}\mbox{\boldmath $\xi$} $tarrow\infty$ $\Re\xi$
$+\infty$ . tt anti-Stokes ( ,
) . \gamma + . , \mbox{\boldmath $\xi$}\mbox{\boldmath $\xi$} $tarrow\infty$ $\Re\xi$ $\infty$
. anti-Stokes ( , ) .
$\gamma_{-\infty}$ .
$t=0$ $(4.3)_{in}$ ( $(4.1)$ ) , $m$ $m+2$
Stokes $m+2$ anti-Stokes . , \mbox{\boldmath $\xi$}\mbox{\boldmath $\xi$}
$tarrow \mathrm{O}$ $\Re\xi$ 0 .
tt anti-Stokes ( , ) . $\gamma_{+}0$ . ,
\mbox{\boldmath $\xi$}\mbox{\boldmath $\xi$} $tarrow \mathrm{O}$ $\Re\xi$ 0 . tt
anti-Stokes( , ) . $\gamma_{-}0$ .
$(4.3)_{in}’$ $\gamma\pm\infty$ $\gamma\pm 0$ ( ) . , -\Re \iota ’u
, 4 $D_{\mathrm{i}n}^{can}$ .
$D_{\mathrm{i}n}^{\mathrm{c}an}$ , $(4.2)_{oul,1}$ $(4.2)_{oul,2}$ . $\gamma\pm\infty$ $(4.2)_{out.1}$,
. $\gamma\pm\infty$ Stokes
( ) , $(4.2)_{out,1}$ Stokes . , $\gamma\pm 0$ $(4.2)_{oul,2}$
( $x=0$ ) . $\gamma\pm 0$ Stokes
( ) . $(4.2)_{out,2}$
Stokes ,
43. $(4.2\grave{)}_{out,j}., (4.3)_{\mathrm{i}n}$ WKB , (\S 3.1) , ;
$(4.2)_{olLt,1}^{WKB}$. $\tilde{y}_{ou8,1}^{\pm}(x, \epsilon):=\frac{1}{\sqrt[4]{ax^{M}}}\exp(\pm\frac{\sqrt{a}}{\epsilon^{h}}\frac{2}{hI+2}x^{(M+2)/2})$ ,
$(4.2)_{out,2}^{WKB}$
$\tilde{y}_{out,2(X,\mathcal{E})}^{\pm}:=\frac{1}{\sqrt[4]{bx^{m}}}\exp(\pm\frac{\sqrt{b}}{\epsilon^{h-\alpha(M-m)/2}}\frac{2}{m+2}x^{(m+2)/2})$,
$($4. $3)_{in}^{WKB}$ $\tilde{y}_{\mathrm{i}n}^{\pm}(t, \epsilon)$ $:= \frac{1}{\sqrt[4]{Q(t)}}\exp(\pm\frac{1}{\epsilon^{h-\alpha(\mathrm{J}\vee I+2)/2}}\int_{0}^{t}\sqrt{Q(t)}dt)$ .
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, $(4.2)_{ou}^{w^{r}}\mathrm{j}\mathrm{s}^{\mathrm{B}}$ $\exp$ $x$ $(M+2)/2$ $(’4.4)$ $tarrow\infty$
$t$
, $(4.2)_{out,2}^{WKB}$ $\exp$ $x$ $(m+2)/2$ (4.4) $tarrow 0$
$t$ .
44. WKB WKB :
$(4.5)_{out,j}$ $[\tilde{O}_{j}]:=$ ${}^{t}[y_{out}^{+}J^{x,\epsilon}), ’\tilde{y}_{out,j}^{-}(x, \epsilon)]$ $(j=1,2)$ ,
$(4.5)_{in}$ $[\tilde{I}]$ $:={}^{t}[\tilde{y}_{in}^{+}(t, \epsilon),\tilde{y}_{\mathrm{i}n}^{-}(t, \epsilon)]$ .
, 2 $[\tilde{O}j],$ $[\tilde{I}]$ matching matrix
$(4.6)_{j}$ $\tilde{M}_{j}:=l|/I[\tilde{O}_{j},\tilde{I}](j=1,2)$
$(4.6)_{j}’$
$\tilde{M}_{j}\cdot[\tilde{O}_{j}]\sim[\tilde{I}]$ $\{\epsilonarrow 0^{\backslash })$ ,
$\text{ }\prime \text{ }.garrow$ , $\tilde{\acute{\mathrm{x}}}\mathrm{f}u$ $f^{r}.,\tilde{M}_{1}$ $\equiv-+\mathrm{p}\Leftrightarrow\wedge 1,$ . $\tilde{M}_{1}:=\{\begin{array}{ll}a bc d\end{array}\}$ , $(4.6)_{1}’$ ;
(4.7) $\{$
$a \frac{\tilde{y}_{out,1}^{+}(x,\epsilon)}{\tilde{y}_{in}^{+}(t,\epsilon)}$ $+$ $b. \frac{\tilde{y}_{oub,1}^{-}(x,\epsilon)}{\tilde{y}_{\mathrm{i}n}^{+}(t,\epsilon)}$ 1




2 $x$ $t$ $x=t\epsilon^{\alpha}$
(4.8) $x;=r/\epsilon^{\alpha-\beta},$ $t:=\eta\epsilon^{-\beta}(0<\beta<\alpha, |\eta|=1)$
. , $x$ $\{x:\dot{K}\epsilon^{\alpha}\leq|x.|\}$ , $t$ $D_{in}^{can}$ ,






. , (4.9) $\exp$ $\epsilon$ $\hat{g}:=h-(\alpha-\beta)(M+2^{\cdot})/2$
, $\epsilonarrow 0$
$(4.10)_{2}$ $\frac{\tilde{y}_{out,1}^{-}(x,\epsilon)}{\tilde{y}_{in}^{+}(t,\in)}=\epsilon^{-\alpha M/4}\exp(-\frac{4\sqrt{a}}{M+2}\eta^{(M+2)/2_{\mathcal{E}}-\hat{g})}arrow\infty$ $(\Re\eta<0)$
183
. , $\eta$ , $(4.3)_{in}$ $D_{\mathrm{i}n}^{\mathrm{c}ar\iota}$ ,
$|t|$ $\arg\eta=\arg\gamma_{-\infty}$ (cf. \S 4.2.). , anti-Stokes
$\gamma_{-\infty}(\in D?\mathit{8}^{n}.)$ $tarrow\infty$ . :
$(4.10)_{3}$ $\frac{\tilde{y}_{out,1}^{+}(x,\sigma)}{\tilde{y}_{in}^{-}(t,\epsilon)}.=\epsilon^{-\alpha hI/4}\exp(\frac{4\sqrt{a}}{M+2}\eta^{(M+2)/2}\epsilon^{-\hat{g}})arrow\infty$ $(\Re\eta>0)$ .
, $\eta$ ih , incan $|t|$ .arg $\eta=$





$a\cdot\epsilon^{-\alpha M/4}+b$ . oo $\sim 1$
$c\cdot\infty+d\cdot\epsilon^{-\alpha M/4}$ $\sim 1$
,
$(4.11)’$ $a\sim\epsilon^{\alpha \mathit{1}\mathfrak{l}/I/4},$ $b\sim 0,$ $c\sim 0,$ $d\sim\epsilon^{\alpha M/4}(\epsilonarrow 0)$
,
(4.12) $\mathrm{J}\tilde{\prime}I_{1}$ $=\epsilon^{\alpha M/4}E$
. , $E$ .
45 matching matrix
$\dot{M}:=M[\tilde{I},\tilde{O}_{2}]$
. $l\dot{\downarrow/I}$ [$\tilde{I}\rceil’$ $[\tilde{O}_{2}]$
(4.13) $\dot{M}\cdot[\tilde{I}]\sim[\tilde{O}_{2}]$ $(\epsilonarrow 0)$
, (4.13)




$\{\begin{array}{ll}a bc d\end{array}\}$ . , (4.7) $f^{r}+_{\backslash }\text{ ^{}\backslash }$ :
(4.14) $\{$
$a \frac{\tilde{y}_{out,2(X,\mathcal{E})}^{+}}{\tilde{y}_{\mathrm{i}^{r}n}^{+}(t,\epsilon)}$ $+b \frac{\tilde{y}_{out,2}^{-}(x,\epsilon)}{\tilde{y}_{in}^{+}(t,\epsilon)}$ 1
$c \frac{\tilde{y}_{out,2}^{+}(x,\epsilon)}{\tilde{y}_{i7b}^{-}(t,\epsilon)}$ $+d \frac{\tilde{y}_{out,2}^{-}(x,\epsilon)}{\tilde{y}_{\mathrm{z}n}^{-}1(t,\epsilon)}$ 1
$(\epsilonarrow 0)$ .
2 $x$ $t$ $x=t\epsilon^{\alpha}$ ( ) . ,
(4.15) $x:=\eta\epsilon^{\alpha+\beta},$ $t:=\eta\epsilon^{\beta}$ (\mbox{\boldmath $\alpha$}>\beta >O \eta | $=1$ )
. , $x$ ($x=0$ ) $\{x:|x|\leq\dot{k}\epsilon^{\alpha}\}$ , $t$





$\tilde{y}_{in}^{\pm}(t, \epsilon)\sim\frac{1}{\sqrt[4]{b(\eta\epsilon^{\beta})^{m}}}\exp(\pm\frac{2\sqrt{b}}{m+2}\eta^{(m+2)/2_{\mathcal{E}}-\dot{g})}$ $(t\prec 0)$
,
$(4.17)_{1}$ $\frac{\tilde{y}_{out,\sim}^{+},(x,\epsilon)}{\tilde{y}_{\mathrm{i}n}^{+}(t,\epsilon\}}=\epsilon^{-\alpha m/4}\exp(0)$
. , (4.16) $\exp$ $\epsilon$ $=h-\alpha(M+2)/2-\beta(m+2)/2$
, $\epsilonarrow 0$ :
$(4.17)_{2}$ $\frac{\tilde{y}_{out,2}^{-}(x,\epsilon)}{\tilde{y}_{\mathrm{i}n}^{+}(t,\epsilon)}=\epsilon^{-\alpha m/4}\exp(-\frac{4\sqrt{b}}{m+2}\eta^{(m+2\}/2}\epsilon^{-\dot{g}})arrow\infty$ $(\Re\eta<0)$ .
.
. :
$(4.17)_{3}$ $\frac{\tilde{y}_{out,2}^{+}(x,\epsilon)}{\tilde{y}_{\mathrm{i}n}^{-}\{t,\epsilon\rangle}.=\epsilon^{-\alpha m/4}\exp(\frac{4\sqrt{b}}{m+2}\eta^{(m+2)/2}\epsilon^{-\dot{g}})arrow\infty$ $(\Re\eta>0\epsilonarrow 0)$ .
, $\eta$ , $D_{\mathrm{i}n}^{can}$ $|t|$ $\arg\eta=$ $\mathrm{g}$ $\gamma+0$





$a\cdot\epsilon^{-\alpha m/4}+b\cdot\infty$ $\sim 1$
$c\cdot\infty+d\cdot\epsilon^{-\alpha m/4}$ $\sim 1$
, ,




4.1. $D_{\mathrm{i}n}^{\mathrm{C}^{l}an}$ $(4.3)_{\overline{\iota}n}$ . 3 $(4.5)_{out,j},$ $(4.5)_{\mathrm{i}n}$ (4.6)j, (4.13)
matehing matrix :
(4.21) $\tilde{M}_{1}=\epsilon^{\alpha M/4}E$ , $\tilde{M}_{2}=\epsilon^{\alpha m/4}E$ , $\dot{M}=\epsilon^{-\alpha m/4}E$.
. $\tilde{M}_{2}=\dot{M}^{-1}$ , matching matrix (stretching transfor-
mation) $\epsilon$ $(\alpha)$ $Q(x,\epsilon)$ $x$ $(M, m)$ .
( 1 ) (cf. Nakano [22] \S 7).
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\S 5. (1.1) matching matrix.
51. (2.5) (2.7) 1 (1.1)
, . \S 4 matching
matrix .
$y_{out,j_{\hat{k}}}^{\pm}(x, \epsilon)$ (2.5) $\sigma \mathrm{z}\text{ }$ $\not\in$ , $y_{in,j_{\hat{k}+1}}^{\pm}.(t, \epsilon)$ (2.7) $\text{ }$ . $.n_{\backslash }$ \Gamma 1L‘J‘- WKB
(3.7) (3.8) .
$[O_{j_{\dot{k}}}]$ :=t[yA\sim t,7 $(x_{7}\epsilon)$ , $y_{out,j_{\overline{k}}}^{-}$ $(x,$ $\epsilon)$ ],
$[I_{j_{\hat{k}+1}}]:={}^{t}[y_{\mathrm{i}n,j_{\hat{h}+1}}^{+}(t, \epsilon), y_{in,j_{\hat{k}+1}}^{-}.(t, \epsilon)]$
, matching matrix :
51. [O ] $[Ij_{\hat{k}+1}]$ matching matrix $lf’I[Oj_{\hat{k}}, Ij_{k+1}^{\mathrm{A}}]$ 2 $\mathrm{x}2$
:
(5.1) $M[O_{j_{\hat{L}}}.’ I_{j_{\hat{k}+\text{ }}}.][O_{j_{C}}]=[I_{j_{\hat{k\wedge}+1}}]$ .
, matching matrix :
(5.2) $M[O_{j_{\hat{k}}}.’ I_{j_{\hat{k}+t}}]\sim\epsilon^{\alpha_{j_{\hat{k}}}.m_{j_{\hat{h}}/4}}E$ $(\epsilonarrow 0)$ .
, 1 $\mathrm{m}\mathrm{a}\mathrm{t}\mathrm{c}.1_{1}\mathrm{i}\mathrm{n}\mathrm{g}$ matrix $M[Ij_{\hat{k}+1}, Oj_{\hat{k}+1}][I_{j_{\hat{\mathrm{t}}+1}}.]=[Oj_{\hat{k}+1}]$
$(5.2)’$ $M[I_{j_{\hat{k}+1}}.’ O_{j_{\hat{k}+1}}.]\sim\epsilon^{-\alpha_{j_{\dot{h}}}m_{j_{\hat{\mathrm{t}}+1}}./4}E$ $(\epsilonarrow 0)$
.
. (5.1) , WKB ,
(5.3) $\{\begin{array}{ll}a bc d\end{array}\}\ovalbox{\tt\small REJECT}\tilde{y}_{outj_{\hat{k}}}^{-}.(x’, \epsilon)\tilde{\mathrm{e}}J_{out,j_{\hat{k}}}^{+}(x,\epsilon)\ovalbox{\tt\small REJECT}$ $\sim$ $\ovalbox{\tt\small REJECT}\tilde{y}_{in,j_{\dot{k}+1}}^{-}\langle t,\epsilon)\tilde{y}_{\mathrm{i}n,j_{\grave{h}+1}}^{+}(t,\epsilon)\ovalbox{\tt\small REJECT}$ $(\epsilonarrow 0)$
.
$M[O_{j_{\hat{h}}}, I_{j_{\dot{h}+1}}]:=\{\begin{array}{ll}a bc d\end{array}\}$
. (5.3)
(5.4) $\hat{M}\cdot[O_{j_{\hat{h}}}]\sim[\tilde{I}_{j_{\hat{k}+}},]$ $(\epsilonarrow 0)$
2 , (2.7)
(5.5) Q\sim +l $(t)=a_{j_{k^{\circ}}^{\mathrm{A}}}y^{m_{j_{\hat{k}}}}+\cdots+a_{j_{\hat{k}+1}}y^{m_{i_{k+1}^{\mathrm{A}}}}$.
, $x$ $t$ $x=t\epsilon^{\alpha_{j}}\dot{k}$ (cf. (2.6)) . , $aj,,$ $mj_{\hat{k}},$ $aj_{\hat{h}+1}$ ’
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